ABSTRACT. Background. Maternal depression is widely recognized to negatively influence mother-child interactions and children's behavior and development, but little is known about its relation to children's receipt of health care.
M
aternal depression has been shown to negatively affect the behavior and development of children, parenting practices, and mother-child interactions in the first 3 years of life. Depressed mothers talk less to their infants, express fewer positive facial emotions, and show less positive physical affection. 1 They also report poorer prevention practices including decreased use of car seats, 2,3 electrical plug covers, 2 and smoke detectors. 4 Other less favorable parenting practices among mothers with depressive symptoms include decreased odds of using the back-to-sleep position and increased odds of using corporal punishment. 4 Maternal depression also is associated with emotional unavailability and less secure attachments, and maternal insensitivity partially mediates the effect of depressive symptoms on children's negative cognitive and social outcomes. 5 Reflecting both biological and environmental risk, children of depressed mothers also are at increased risk for the development of psychiatric diagnoses. 6, 7 Despite these well-known associations and the recognition that parents, particularly mothers, remain the primary decision-makers for their children's health, 8 little is known about the effect of maternal depression on parents' health care seeking for their children. Regarding acute care, Mandl et al 9 reported higher proportions of infants with Ն2 problem-oriented visits in the first 5 months of life and higher proportions with emergency department (ED) visits in the first month of life among infants of mothers with depressive symptoms compared with those whose mothers did not have symptoms. Maternal depressive symptoms have also been shown to be associated with increased ED use among urban children with asthma in 2 US cities 10, 11 but not among US urban preschool children. 12 Although Kahn et al 13 found no association between maternal depressive symptoms and hospitalizations in the first 3 years of life for a national sample of US children, Chung et al 4 reported increased odds of hospitalizations among children whose mothers had depressive symptoms in a community-based survey of low-income women.
No associations have been reported between maternal depressive symptoms and children's receipt of preventive care. Mandl et al 9 found no relation of multiple well-child visits with levels of depressive symptoms. Similarly, maternal depression has not been associated with total visits (acute and preventive) in studies of 5-to 11-year-olds enrolled in a health maintenance organization 14 or among Australian children 4 to 9 years old. 15 Watson and Kemper 12 also found no relation between maternal depressive symptoms and children's immunization status among low-income children. However, to date, there have been no systematic studies examining associations of maternal depressive symptoms with a broad array of acute and preventive services for a diverse group of young children for whom the recommended schedule of well-child visits is greatest. 16 Given the high lifetime prevalence of depression among women (21%) 17 and increased reporting of depressive symptoms by mothers of child-bearing age, 18 associations between maternal mental health and children's receipt of care may be particularly important in the first 3 years of life when children are expected to have frequent health-maintenance visits. The objective of this study was to examine whether maternal depressive symptoms, reported when children were 2 to 4 and 30 to 33 months old, are associated with children's receipt of health care services.
We hypothesized that maternal depressive symptoms are associated with decreased use of preventive services and increased receipt of acute care. Specifically, we hypothesized that mothers who reported depressive symptoms are more likely to seek care for their children in the ED, have children who are hospitalized, and also to have undervaccinated children. These expected relations consider that mothers with depressive symptoms may have a greater propensity to seek care for acute illnesses due to decreased ability to interpret symptoms, heightened levels of worry about their child, decreased comfort in their own ability to manage illness, or increased psychosocial concerns that are not the stated reason for the visit. They may be less likely to seek preventive care for their children because of difficulties keeping visit appointments or with advance planning for scheduled visits.
METHODS

Study Design
This cohort study relies on data collected prospectively as part of the Healthy Steps for Young Children (HS). HS incorporates child development specialists and enhanced developmental services into pediatric practices serving families of young children. Fifteen HS sites across the country participated in this prospective clinical trial; 6 featured a randomized design, and 9 used a quasiexperimental design. Enrollment began in September 1996 at 1 site, followed by staggered initiation at subsequent sites and enrollment completion in November 1998. Children were followed from birth to 3 years. [19] [20] [21] 
Data Sources
Four data sources were used for the analyses reported here and included a self-administered enrollment questionnaire, 2-to 4-month parent telephone interview, 30-to 33-month parent telephone interview, and medical records. Questionnaires and computer-assisted telephone interviews were conducted in English and Spanish.
The enrollment questionnaire provided demographic characteristics including mother's age and race/ethnicity and the child's gender and birth weight. Additional demographic characteristics were obtained from the 2-to 4-month interview about marital status, maternal education, employment, parity, household income, home ownership, and child's insurance. In the 2-to 4-month and 30-to 33-month interviews, respondents were asked about utilization of acute care services, their child's health status, and the presence of depressive symptoms. Of the 5565 families enrolled in the evaluation, 4896 (response rate: 88%) completed the 2-to 4-month interview, and 3737 (response rate: 67%) completed the 30-to 33-month parent interview. Mothers were the primary respondents.
Children's medical records were abstracted from birth to 32 months of age for 96% of children whose mothers completed the 2-to 4-month interview. Trained staff completed chart reviews on all children with Ն1 office visits. Abstracted data included date and type of office visit and vaccinations. Five percent of medical records were selected randomly and reabstracted, and a high percent agreement was noted (Ն87% for visit type, Ն96% for visit date, Ն99% for vaccine type, and Ն98% for vaccine date).
Dependent Variables
Variables for our analysis were selected based on a modified behavioral model of health services utilization 22 to examine associations between maternal mental health and service use of the child, controlling for factors known to be associated with children's receipt of health care services. Dependent variables included several measures of health care utilization, and independent variables included predisposing, enabling, and need factors.
The dependent variables were measures of children's utilization of preventive and acute health care services. Dichotomous variables created to describe preventive care measures were ageappropriate well-child visits at 2, 6, 12, 15, 18, and 24 months, age-appropriate vaccinations, and up-to-date (UTD) vaccination status. Both well-child visits and vaccinations were considered age appropriate if they occurred during the recommended age intervals. 16 Children were considered UTD if they had received 4 doses of diphtheria, tetanus, pertussis (DTP), 3 doses of polio vaccine, and 1 dose of measles-mumps-rubella (MMR) by 2 years of age. Definitions of age-appropriate and UTD immunizations were based on Red Book recommendations of the American Academy of Pediatrics and were calculated based on dates of birth and immunization. 23 Doses received at less than the minimum interval between doses were not counted (Table 1) .
Dichotomous variables also were used to describe utilization of acute care services with regard to ED visits (including urgent care center use) and hospitalizations since birth as reported in the 2-to 4-month parent interview. ED visits and hospitalizations since birth and during the preceding 12 months were reported in the 30-to 33-month parent interview. Respondents in the 30-to 33-month interview also reported on their child's injuries and related ED visits in the past year. Medical records data were used to define the number of sick visits through 32 months of age.
Independent Variables
The presence of maternal depressive symptoms, as assessed by a modified 14-item version of the 20-item Center for Epidemiologic Studies-Depression Scale 24 (CES-D) was identified as a new predisposing variable in the conceptual model. Consistent with clinical presentation, the presence of symptoms at a single time point was reported regardless of whether symptoms were present at the earlier or later time point. Correlation of the reduced-item version with the full 20-item scale exceeded 0.95 in a sample of high-risk pregnant women. 25 The ␣ coefficient for the 14-item CES-D in HS sample was .85 at 2 to 4 months and .87 at 30 to 33 months, similar to that for general population studies. 24 For the modified scale, the response categories remained the same as the 20-item scale, with scores Ն11 indicating the presence of maternal depressive symptoms; this value corresponds with the cutoff of 16 for the 20-item scale. The CES-D has a 95% sensitivity for diagnosing major depressive disorder, although the positive predictive value is low (0.28) due to modest specificity (0.70), as is typical of most screening tests. 26 Additional predisposing factors related to health care utilization included the characteristics of the mother (age at child's birth, race, ethnicity, marital status, education, employment status, and whether first-time parent), father (employment status), and child (gender). Parenting experience distinguished first-time from second-time (or greater) parents.
Enabling factors referred to family resources and included household income, home-ownership status, and child's insurance status. Household income was grouped into 3 categories: low (Ͻ$20 000), middle ($20 000 -$49 999), and high (Ն$50 000). A dichotomous variable was created to describe a child's health insurance status, indicating whether the child was covered by public insurance.
The 2 need-for-health-care variables in the conceptual model included low birth weight (Ͻ2500 g) and the child's health status. The child's general health status was reported by the mother as poor, fair, good, or excellent. A dichotomous variable was created that grouped poor, fair, and good versus excellent health, because only 2.3% of children were reported to be in fair-poor health.
Statistical Analysis
The sample used to examine the association between maternal depressive symptoms at 2 to 4 months and children's receipt of health care services for the first 3 years of life included children whose mothers completed a 2-to 4-month interview with CES-D scores. Of the 4896 respondents with interviews, 17 were excluded for lack of CES-D data, and 5 were not mothers. We first examined the distribution of predisposing, enabling, and need characteristics of these families. We then compared receipt of health care services between children whose mothers did and did not have depressive symptoms using 2 statistics for categorical variables and t statistics for the count outcome (eg, number of sick visits). Children with missing medical records (n ϭ 138) were excluded from analyses of preventive services and sick visits.
Generalized linear models (logistic regression for dichotomous outcomes and Poisson regression for the count outcome) were used to estimate the effect of depressive symptoms at 2 to 4 months on receipt of care. 27 The models were adjusted for baseline demographic characteristics, child's health status, participation in HS, and site of enrollment. The results for dichotomous outcomes are presented as odds ratios (ORs; ratio of the odds of the outcome for children whose mothers did and did not have depressive symptoms). All estimates are presented with 95% confidence intervals (CIs). Separate models were constructed for each type of health care service.
To determine how the timing of maternal depressive symptoms influenced the receipt of care, we examined the associations of maternal depressive symptoms at 2 time points: 2 to 4 months and 30 to 33 months. The longitudinal sample used for this analysis included children whose mothers' completed interviews at both 2 to 4 months and 30 to 33 months (n ϭ 3357 for preventive care from medical records data and n ϭ 3412 for hospitalizations and ED visits from 30-to 33-month interview data). Of the 3482 mothers who completed both 2-to 4-month and 30-to 33-month interviews, 68 were excluded for lack of CES-D data at 1 time point (7 at 2 to 4 months only and 61 at 30 to 33 months only), and 2 were excluded for lack of CES-D data at both points. Children with missing medical records (n ϭ 55) were excluded from analyses of preventive services.
Logistic regression models included timing of depressive symptoms (at 2 to 4 months and 30 to 33 months) and adjusted for predisposing, enabling, and need factors. An interaction term (the product of depressive symptoms at 2 to 4 months with depressive symptoms at 30 to 33 months) was used to test for the effects of depressive symptoms at both time points. Models with interaction terms permitted assessment of the effects of depressive symptoms at 2 to 4 months only, 30 to 33 months only, both time points, and neither time point. Using a Wald test, no interactions were found. Accordingly, reported models do not include interaction terms. Therefore, we report effects of depressive symptoms at 2 to 4 months (regardless of later symptoms) and 30 to 33 months (regardless of earlier symptoms).
Women who reported depressive symptoms at 2 to 4 months were less likely to complete the 30 to 33 month interview (63.3% vs 71.4%). Because missing data were more severe in the longitudinal analyses, we performed a sensitivity analysis by using the inverse weighting approach of Robins et al 28 to determine the impact of missing data for depressive symptoms. This approach requires estimation of a logistic regression model for the probability of missing-outcome or depressive-symptom data given the baseline covariates described above and auxiliary information (number of observed well-child visits, number of observed sick-child visits, and UTD at 24 months). In this analysis, each observed mother counted for herself and other mothers "like her" who had missing data. After controlling for the covariates in the latter regression model, this approach assumes that missingness is unrelated to use of care and depressive symptoms. For this method, we calculated bootstrapped percentile CIs. 29 Statistical procedures were performed by using SAS 8.2 (SAS Institute, Cary, NC) and R 1.6.1 (R Foundation for Statistical Computing, Vienna, Austria) for inverse weighted analyses. 30 Institutional review board approval was obtained for this study from the Johns Hopkins Bloomberg School of Public Health Committee on Human Research. Informed consent was obtained at the time of enrollment and reviewed before each interview.
RESULTS
The percentages of respondents with depressive symptoms were 17.8% at 2 to 4 months and 15.5% at 30 to 33 months. Among mothers who responded to both interviews, 9.7% had depressive symptoms at 2 to 4 months only, 9.1% at 30 to 33 months only, 6.4% at both times, and 74.9% at neither.
As expected, mothers with depressive symptoms at 2 to 4 months were disproportionately young (Ͻ20 years), nonwhite, Hispanic, not married or living with the biological father, and had less than a high school education (Table 2) . They had lower household incomes and greater percentages of children who were publicly insured and not in excellent health. Mothers who reported depressive symptoms at 30 to 33 months had similar characteristics.
A smaller percentage of children whose mothers had depressive symptoms completed each age-appropriate well-child visit or received each age-appropriate vaccination than children whose mothers did not have symptoms. The percentage of children who were UTD at 24 months was also lower for mothers with symptoms (Table 3) . Overall levels of timely receipt of care declined as children aged; although nearly all children completed timely 2-month visits (88.1%) and received DTP1 (91.4%), only 54% overall had timely 24-month visits and 74.5% received the first dose of the age-appropriate MMR. At both the 2-to 4-month and 30-to 33-month interviews, a greater percentage of mothers with depressive symptoms reported that their children had ED visits and hospitalizations.
In adjusted analyses, children whose mothers had depressive symptoms at 2 to 4 months had 0.74 to 0.81 reduced odds of receiving age-appropriate wellchild visits (Table 4 ). This result was significant for visits between 6 and 24 months. The trend was consistent but not significant at 2 months, a time when overall receipt of timely care is particularly high. The association of maternal depressive symptoms and vaccinations also was significant for UTD at 24 months and receipt of age-appropriate MMR. Children whose mothers had depressive symptoms at 2 to 4 months also tended to have reduced odds of receiving the first and third doses of DTP, but these relations were not significant.
The influence of maternal depressive symptoms on receipt of acute care persisted for ED visits in the past year and tended to continue for hospitalizations, as reported at 30 to 33 months. Mothers who had depressive symptoms had increased odds of reporting that their children sustained injuries in the past year but also had decreased odds of their children using the ED specifically for injury in the year preceding the 30-to 33-month interview. Children whose mothers had depressive symptoms at 2 to 4 months relative to children whose mothers did not have symptoms had fewer sick visits through 32 months of life (mean: 6.15 vs 6.65; P ϭ .04). In adjusted analyses, however, there was no significant association between depressive symptoms at 2 to 4 months and the number of sick visits. We examined whether the timing of maternal depressive symptoms influenced receipt of care among the subset of respondents who completed both the 2-to 4-month and 30-to 33-month interviews. The association of maternal depressive symptoms with receipt of well-child visits and vaccinations was observed only when symptoms were reported in early infancy and not when they were reported at 30 to 33 months (Table 5 ). The magnitude and direction of the estimated ORs for early symptoms were similar to results obtained when later symptoms were not considered in the analysis. Similarly, only early maternal depressive symptoms at 2 to 4 months and not at 30 to 33 months were associated with receipt of acute care (Table 6 ). Specifically, children whose mothers had depressive symptoms at 2 to 4 months had increased odds of having an ED visit between 1.5 and 2.5 years of age (OR: 1.38; CI: 1.12, 1.71). Similar results were found when we reanalyzed the data by using the inverse weighting approach.
DISCUSSION
Our findings show that maternal mental health is associated with young children's receipt of care across a broad array of health care services. In support of our hypotheses, children whose mothers reported depressive symptoms at 2 to 4 months had decreased odds of receiving age-appropriate healthmaintenance visits and vaccinations and increased odds of overall ED use in the first 3 years of life. They also tended to have increased odds of hospitalizations, although results were not significant in adjusted analyses.
The relation between maternal mental health and children's receipt of care was observed for depressive symptoms at 2 to 4 but not at 30 to 33 months. It is possible that patterns of health care seeking are established early in children's lives, thus heightening the importance of early influences. Past studies have indicated that timely receipt of the first DTP1 is predictive of timely receipt of immunizations in the first 2 years of life. 31 It is possible that chronicity of symptoms may be more critical to maternal sensitivity 5 and parenting practices other than health care seeking for their children.
The observed use of acute care services in our sample was comparable for hospitalizations and * Adjusted models control for mother's age at child's birth, mother's race, mother's ethnicity, missing ethnicity, mother's marital status at 2 to 4 months, mother's education at 2 to 4 months, mother's employment status at 2 to 4 months, parity, father's employment status at 2 to 4 months, child's gender, household income at 2 to 4 months, home ownership at 2 to 4 months, child's insurance status at 2 to 4 months, missing insurance at 2 to 4 months, birth weight, child's health status at 2 to 4 months, intervention status, enrollment site, and missing covariates. † P Ͻ .01.
higher for ED use relative to nationally derived estimates. As assessed at 30 to 33 months in our study, 5.9% of children were hospitalized and 35.6% of children had ED use in the preceding year. Nationally, 5.1% of children 0 to 4 years old were hospitalized in 1998. 32 US estimates for annual ED use range from 16.8% for children 0 to 4 years old 32 to 24.9% for children Ͻ6 years old. 33 In our study, questions about ED use specifically included use of urgent care centers and may have contributed to increased reporting of use. We are unaware of national data reporting age-appropriate receipt of health-maintenance visits. Our estimate of 61% of children being UTD for 4 doses of DPT, 3 doses of polio vaccine, and 1 dose of MMR is less than levels reported in the National Immunization Survey (78.6%) 34 and likely reflects our exclusion of vaccine doses received at less than minimum intervals. In this study we focus on depressive symptoms rather than clinical diagnosis, as has been done in prior studies examining relations between maternal mental health and children's receipt of care. In addition, current depressive symptomatology rather than lifetime history and diagnoses has been associated with children's school and social functioning, as measured by both mothers' and teachers' ratings of child behavior. 35 Moreover, we believe that pediatricians are more likely to detect symptoms rather than render clinical diagnoses for adults, giving the measure of symptomatology more immediate practice and policy relevance.
Denominators for age-appropriate visits and vaccinations in our study included all children and were not restricted to active patients with recent visits, as is done for clinical performance measurements. However, restricted denominators for those with recent visits yielded comparable results. We chose to use full denominators, because depressive symptoms are associated with receipt of visits.
We believe that the study findings are generalizable. Although not a nationally representative sample, HS participants are economically and ethnically diverse and had no incentives for complying with well-child care. When compared with national birth data, mothers in the HS sample were of comparable maternal age and somewhat better educated (26.6% vs 22.8% college graduates). HS mothers were more likely to be black (24.4% vs 15.4%), Hispanic (20.2% vs 18.3%), single (35.8% vs 32.4%), and having their first child (46.4% vs 40.8%). A smaller percentage of HS participants were low birth weight (6.6% vs 7.8%), as might be expected from eligibility criteria, which included completion of an office visit within 28 days of life. 20 Several limitations of our study warrant comment. Our assessment of acute care use (ED, hospitalizations) was limited to children whose mothers completed the 30-to 33-month interview. Women with depressive symptoms at 2 to 4 months were less likely than their healthy peers to complete the 30-to 33-month interview (63.3% vs 71.4%). We were unable to determine if hospitalizations were preventable, because diagnoses were provided from parent report and not medical records. Finally, unmeasured provider, child, and system factors may influence mother's health care-seeking decisions for their children.
Our findings reinforce the need to incorporate a family focus in delivering care to children. 36 The US Preventive Services Task Force recommends screening adults for depression in primary care settings that have systems to assure appropriate diagnosis, treatment, and follow-up. 37 However, a recent American Academy of Pediatrics periodic survey reported that only 57% of pediatricians believe it is their responsibility to recognize maternal depression, and most rely on unstructured approaches. 38 Moreover, at an inner-city, general pediatric clinic, Heneghan et al 39 reported that pediatricians recognized only 29% of the mothers with high levels of depressive symptoms.
Our findings suggest that early screening for maternal depressive symptoms, if accompanied by appropriate anticipatory guidance and referrals, could contribute to improved patterns of receipt of acute and preventive health care services for young children in addition to the known benefits of promoting the well-being of mothers, children, and families. Such an approach would necessitate overcoming barriers of limited knowledge and availability of community mental health resources, time, and reimbursement constraints for addressing parental mental health concerns. 40 Child health care providers, however, may be the only professional contact for parents of young children in their first few months of life. Failure to screen for maternal depression represents another missed opportunity to enhance the health and well-being of children and families.
